Sage grouse (Centrocercus urophasianus) historically occurred in shrub-steppe and meadow-steppe communities throughout much of eastern Washington. The decline in distribution has been dramatic; 73% of 67 lek complexes documented since 1960 are currently vacant. Many vacant lek complexes (53%) are in areas where sage grouse have been recently extirpated. The current range is about 8% of the historic range, occurring in 2 relatively isolated areas. Based on changes in number of males counted on lek complexes, the sage grouse
METHODS

Lek Surveys
Male sage grouse congregate on lek sites during spring to perform breeding displays and to mate with females (Schroeder et al. 1999) . Although most lek sites are traditional, some leks occasionally change or 'shift' locations, as documented with observations of marked individuals between years (MAS, unpubl. data). In addition, some males may attend temporary 'satellite' leks until they are able to become established on relatively permanent 'core' leks. Many of these specific sites form clusters defined here as 'lek complexes'. Although the definition of lek complexes is somewhat arbitrary, lek sites within a complex are usually < 3 km from one another. Lek complexes are clearly spatially separated from adjacent lek complexes by $ 6 km.
We examined survey results of leks complexes conducted between 1960 and 1999 (Washington Department of Fish and Wildlife 1995; Hays et al. 1998 ) to obtain information on sage grouse distribution and populations. Most complexes surveyed prior to 1970 were relatively large and opportunistically visited by members of bird-watching organizations and personnel of the Washington Department of Fish and Wildlife (Department of Game previously). These surveys typically consisted of a single count of males attending a complex during the breeding season and did not represent a standardized effort. The Washington Department of Fish and Wildlife expanded surveys from 1970 to 1991, including additional searches for new and/or previously undiscovered lek complexes and multiple ($ 3) visits to specific complexes. Some original data from the 1970s were lost so that only single 'high' counts remain, despite many complexes having been observed on more than one occasion. During 1992-99 personnel of the Sage Grouse Status in Washington, Reprinted with Permission from Northwestern Naturalist (81:104-112.) 5 Washington Department of Fish and Wildlife and the U.S. Army attempted to visit all sage grouse lek complexes in Washington on $ 3 occasions each year.
Distribution
We examined historic information on distribution of sage grouse throughout Washington based on direct observations and published literature (McClanahan 1940; Yocom 1956; Aldrich 1963; Connelly and Braun 1997; Schroeder et al. 1999) . Since most early descriptions of their range in Washington were based on relatively large-scale North American maps, they were often inaccurate. We refined the historic range of sage grouse in Washington on the basis of occupancy information within areas not included on previous maps. We also removed some areas from the historic range that were unlikely to have supported sage grouse.
Locations of lek complexes and > 900 miscellaneous observations of sage grouse between 1990 and 1999 were used to define current distributions. All active lek complexes and virtually all recent observations were within the boundaries for the current populations. The current distribution excludes 21 observations associated with recently vacated leks or birds that appeared to be 'wandering' long distances from existing populations.
Abundance
Numbers attending lek complexes were analyzed using the highest number of males observed on a single day for each complex for each year. Although this technique is used throughout the North American range of sage grouse, it may have numerous biases (Jenni and Sage Grouse Status in Washington, Reprinted with Permission from Northwestern Naturalist (81:104-112.) 6 Hartzler 1978, Emmons and Braun 1984) . First, yearling males appear to visit lek complexes less frequently than adults. Second, the number (or proportion) of yearlings in the population is unknown. Third, attendance at complexes tends to peak relatively late in the breeding season.
Fourth, the number of males not visiting complexes is unknown. Fifth, the maximum count of males on a complex tends to be positively correlated with the number of counts. Sixth, some males (particularly yearlings) visit more than 1 lek complex within a breeding season. All but the last of these potential biases would tend to produce relatively low estimates of the number of males in the population. Consequently, counts of males on leks are used to produce conservative estimates of population size.
Average attendance at all complexes was used to evaluate annual population changes and to provide a technique for comparing populations of sage grouse in Washington with those in other regions (Willis et al. 1993 , Braun 1995 , Connelly and Braun 1997 . Rates of change were estimated by comparing total number of birds counted at all lek complexes in consecutive years.
Because sampling was occasionally biased by effort and/or size and accessibility of lek complexes, those not counted in consecutive years were excluded from the sample for a given interval. Annual rates of change were used to estimate spring populations between 1999 and 1960. The 1999 population was estimated by multiplying total number of males counted on all lek complexes in that year by 2.6; this assumes all males are counted and the male:female ratio is approximately 1.0:1.6 (Washington Department of Fish and Wildlife 1995; Hays et al. 1998; Schroeder et al. 1999 ). This male:female ratio was based on ratios in the literature ranging between 1.0:1.1 and 1.0:2.6 (Girard 1937 , Patterson 1952 , Rogers 1964 , Braun 1984 .
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Habitat
Primary habitats used by sage grouse include shrub-steppe and meadow-steppe (Daubenmire 1970) as determined from research on radio-marked sage grouse (Schroeder et al. 1999 ). Range-wide changes in habitat were examined with aid of the Thematic Mapper (TM) sensor on the Landsat satellite. Digital data (1993) from TM channels 3, 4, 5, and 7 representing reflective light energy from the red, near-infrared, and 2 mid-infrared wavelength bands, respectively, were used in an unsupervised cluster analysis which produced 175 possible habitat types (JEJ, in prep.) . Field data from ground reconnaissance during 1995-97 provided characterization of these habitat types, and that information was used to combine slightly varying habitats into 4 general types including: 1) shrub-steppe (including meadow-steppe and steppe, Daubenmire 1970) ; 2) cropland; 3) CRP (federal Conservation Reserve Program in which cropland was converted to perennial grass; usually crested wheatgrass, Agropyron cristatum); and 4) other (wetland, barren, forest/shrub, and sand dunes).
RESULTS
Distribution
Most available evidence indicates that sage grouse were once widely distributed throughout much of central and eastern Washington (Fig. 1) . Early explorers and naturalists such as Meriwether Lewis, William Clark, and David Douglas observed large numbers of sage grouse along the Columbia including the mouths of the Snake and Yakima rivers and in the Priest Rapids and Grand Coulee regions (Jewett et al. 1953; Yocom 1956 ). Early descriptions of the Sage Grouse Status in Washington, Reprinted with Permission from Northwestern Naturalist (81:104-112.) 8 historic sage grouse range were not consistent, particularly in southeastern Washington.
Although Jewett et al. (1953) and Aldrich (1963) believed they once occupied all of Whitman, Columbia, and Walla Walla counties and most of Spokane, Garfield, and Asotin counties, Yocom (1956) suggested the original range was smaller. Our revised map differs from previous maps in numerous ways including addition of the Methow River corridor and reduction of the occupied area along the Washington-Idaho border. The estimated historic distribution of sage grouse in Washington spanned 57,741 km 2 .
Although changes in distribution of sage grouse in Washington were noted as early as 1920 (Jewett et al. 1953 Reprinted with Permission from Northwestern Naturalist (81:104-112.) 9 current range. First, sage grouse may move long distances between seasonal ranges and/or during dispersal (Connelly et al. 1988; Schroeder et al. 1999) . For example, some observations may represent dispersal movements by sage grouse through otherwise unacceptable habitat. Second, because of a relatively rapid contraction of known populations, some sightings in former portions of their range may represent small, remnant, declining, and/or poorly understood populations.
Third, some observations outside core areas may be misidentifications.
Abundance
The first declines in abundance were noted in the late 1800s on the western edges of the Palouse Prairie, with more recent declines observed throughout the Columbia Basin (Jewett et al. 1953; Yocom 1956 ). Although early declines in abundance were poorly documented, they resulted in increased hunting restrictions (Yocom 1956) An average of 12 active lek complexes were counted each year, 1960-99, even though 9 of the first 10 years included counts of only 1 to 4 complexes (Fig. 3) . Although males on active complexes were counted an average of 5 times each year, some were counted more than 20 times, others only once. Because some original data for those counted on multiple occasions were lost, the average number of counts is a low estimate.
The average maximum count of males on lek complexes was 22.8 (95% CI = 21.2 -24.4) Sage Grouse Status in Washington, Reprinted with Permission from Northwestern Naturalist ( 
Habitat
Although habitat within the original range of sage grouse in Washington was clearly dominated by shrub-and meadow-steppe (about 90%; Dobler et al. 1996) , most habitat has been converted to cropland and is now used for the production of crops or is in CRP ( Table 1 ). The first declines in distribution were related to cultivation of the Palouse Prairie, primarily for Sage Grouse Status in Washington, Reprinted with Permission from Northwestern Naturalist (81:104-112.) 11 production of wheat. Declines continued as cultivation expanded throughout the Columbia Basin, initially for production of wheat and secondarily for irrigated crops including fruit.
Irrigation was supported and expanded with reservoirs behind dams along the Columbia River, including the first and largest, Grand Coulee, completed in 1942. Many remaining areas of uncultivated habitat are unsuitable for sage grouse because of the lack of sagebrush, perennial grasses, and/or forbs (Schroeder et al. 1999 ).
The current range of sage grouse in Washington is characterized by 57.0% shrub-steppe (including meadow-steppe), 26.6% cropland, 13.0% CRP, and 3.4% other (Table 1 ). This is in contrast to areas where sage grouse are extirpated; 42.3% shrub-steppe, 42.8% cropland, 5.5%
CRP, and 9.4% other. The Yakima/Kittitas range is dominated by shrub-steppe habitat (96.6%) in a substantially higher proportion than in the Douglas/Grant distribution (44.3%). Sage grouse appear to exist in the Douglas/Grant area due to the high quality and configuration of remaining shrub-steppe and relatively abundant CRP (16.7%). Although over-harvest may have been a factor in the historic decline of sage grouse in Washington (Yocom 1956 ), the clearest explanation for the decline is conversion of native shrub-and meadow-steppe habitat to cropland (Washington Department of Fish and Wildlife 1995, Dobler et al. 1996) . The vast majority of cultivated land no longer supports sage grouse.
DISCUSSION
Cultivated land in the northern distribution of sage grouse (Douglas/Grant County area) is a partial exception because of its favorable juxtaposition with the remaining native shrub-and meadow-steppe habitat. Sage grouse have also benefitted in the Douglas/Grant County area because of re-vegetation of about 600 km 2 of cropland as part of the CRP. Although CRP habitat is often dominated by introduced species such as crested wheatgrass, some areas provide useful cover for nesting sage grouse, especially when invaded by a diversity of plant species including sagebrush and forbs.
Most remaining shrub-and meadow-steppe habitat in Washington is associated with relatively steep topography and/or shallow soils that are difficult to cultivate (Dobler et al. 1996; JEJ, in prep.) . Intensive grazing by horses, sheep, and cattle is one explanation for the inability of native habitats to support sage grouse. Many areas that are lightly grazed now illustrate the aftereffects of a long legacy of heavy livestock grazing (such as reduced cover of forbs and perennial grasses); livestock were common in many areas of Washington long before 1900 (Daubenmire 1970) . In the Douglas/Grant area, nesting sage grouse typically avoid habitat with a Sage Grouse Status in Washington, Reprinted with Permission from Northwestern Naturalist ( The future for sage grouse on the YTC is uncertain. Although livestock grazing is no longer permitted, habitat restoration in areas with long histories of grazing is a long and difficult process (Daubenmire 1970 Westemeier et al. 1998 ).
Since some have suggested breeding populations should contain at least 500 individuals (Franklin 1980; Frankel and Soulé 1981; Frankel 1983) , it is clear that Washington populations are at risk; 421 in Yakima/Kittitas County and 666 in Douglas/Grant County. Because most male and some female sage grouse do not breed successfully in their lifetime (MAS, in prep.) , viable sage grouse populations should probably include more than 1,000 individuals (385 counted males). Increased population viability of sage grouse in Washington may be obtained by increasing the density of sage grouse on currently occupied range, expanding the range into adjacent unoccupied habitats, and/or connecting the 2 existing populations with additional breeding habitat or substantial dispersal corridors.
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